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形成过程的重要条件，并将 Au-Ag 合金及部分结构的 Au-Pd 双金属纳米颗粒分
别应用于 1,2-丙二醇气相氧化和苯甲醇液相氧化反应，研究其结构和表面性质与
催化反应性能之间的关系。 










液对 Ag+的还原反应在众多反应中是优势反应；（iii）Au 原子和 Ag 原子在形成
原子团簇的过程中的剧烈扩散运动。红外光谱（FTIR）表明在 Au-Ag 合金纳米
颗粒形成的过程中，（NH）C=O 吸附在 Au、Ag 原子的表面，利于原子间电子
的传递，促进 Au-Ag 原子团簇的形成。 
其次，合成了四种 Au-Pd 双金属纳米材料，并借助于 XRD、EDX、透射电
镜（TEM）等确定各自结构。结果表明常温下在 HAuCl4/Na2PdCl4混合液中先后
加入 Vc 和侧柏叶提取液反应 30 min 而得到的花状纳米颗粒具有合金结构，且该















号相较于球形 Au-Pd 合金纳米颗粒得到很大的增强；Vc 与 HAuCl4 溶液在常温
下反应 5 min 后，向该溶液中依次加入 Na2PdCl4溶液和侧柏叶提取液继续反应
25 min 制得的花状纳米颗粒具有核壳结构；通过两步法——即先利用侧柏叶提取
液制备出 Au 核，再加入 Na2PdCl4溶液反应 6 h 制得的立方型 Au-Pd 双金属纳米
颗粒具有核壳结构；90 ºC 下利用 CTAC 溶液直接还原 HAuCl4/Na2PdCl4混合液




Na2PdCl4溶液的滴加速率很小时，Pd 只在 Au 纳米颗粒的一个或相邻的几个面上
成核生长；随着滴加速率的增大，发生异相成核的面增多；滴加速率足够大时
Pd 就完全包覆在 Au 纳米颗粒的表面。改变 HAuCl4溶液的滴加速率，可得 Au
在 Pd 纳米颗粒表面类似的生长规律。 
最后，分别制备了花状 Au-Pd/MgO、Au@Pd/TiO2和 Au-Ag/MgO 负载型催
化剂。花状 Au-Pd/MgO 催化剂和 Au@Pd/TiO2催化剂用于以 O2为氧化剂的苯甲
醇液相氧化制苯甲醛反应中，制备条件和反应条件的优化结果表明： Au/Pd 摩
尔比例为 1:1 的花状 Au-Pd 合金纳米催化剂在 90 ºC 下反应 6 h 可达到最高的苯
甲醇转化率（72.4%）、苯甲醛的选择性（95.1%）和苯甲醛的收率（68.85%）；
催化性能同比条件下优于单金属 Au 催化剂、Pd 催化剂和球形 Au-Pd 合金催化
剂；催化剂重复利用六次后，催化剂活性未明显降低。Au@Pd/TiO2 催化剂用于
以 O2 为氧化剂的苯甲醇液相氧化制苯甲醛反应中，结果表明催化剂制备方法采




载量为 2 wt%、催化剂的用量为 100 mg、Au/Ag 摩尔比为 1:4、反应温度为 350 ºC、
空速为 5.2 h-1条件下具备了较好的催化性能，此时 1,2-丙二醇转化率为 92.39%、


















Bimetallic nanomaterial of noble metal has caused widespread concern in the field 
of catalysis because of its special structure and properties. In many cases, bimetallic 
nanocatalysts exhibit more excellent catalytic performance than single metal 
nanocatalysts due to synergistic effects. In recent years, plant-mediated synthesis of 
nanoparticles (NPs) is a new and eco-friendly technique. However, there are very few 
reports to date focusing on preparing bimetallic NPs including the use of biological 
materials. Herein, we demonstrated for the first time that it is possible to prepare 
Au-Ag alloy NPs and Au-Pd bimetallic NPs with various structures and shapes 
adopting Cacumen Platycladi (C. Platycladi) extract as the reductant and stabilizer. 
We also prepared active Au-Ag and Au-Pd bimetallic nanocatalysts, employed in the 
vapor phase oxidation of 1,2-propane glycol to methylglyoxal and liquid phase 
oxidation of benzyl alcohol to benzaldehyde, respectively. This work envisages spark 
innovation and encourages future work on the fabrication of bimetallic NPs and 
catalysts via bioreduction. 
Firstly, Au-Ag alloy NPs were synthesized by C. Platycladi extract and various 
characterization techniques such as UV-Vis spectroscopy, X-ray diffraction (XRD), 
energy dispersive X-ray spectroscopy (EDX), scanning transmission electron 
microscopy(STEM) EDX-Mapping and EDX elemental line scanning on a single 
particle confirmed the nature of alloy and the composition of alloy NPs were 
consistent with the initial HAuCl4/AgNO3 ratio. Then we varied the experimental 
parameters such as the molar ratio of HAuCl4/AgNO3, reaction temperature, pH and 
the concentration of C. Platycladi extract to adjust the size of Au-Ag NPs. 
Transmission electron microscopy (TEM) images showed that the concentration of C. 
Platycladi extract is the most significant impact on particle size. Moreover, we 
analyzed favorable formation conditions of Au-Ag alloy NPs from three aspects of 
reduction rates of metal precursors, competing reactions and free diffusion of Au and 




 ions are similar at 
90 °C; (ii) the reduction of Ag
+















reaction process; (iii) severe mutual diffusion of Au and Ag atoms promotes alloy 
formation. The Fourier-transform infrared (FTIR) spectra of C. Platycladi extract 
before and after reaction indicated that (NH)C=O groups can be adsorbed on the 
surface of the metal atoms and be responsible for electronic conduction conducive for 
the formation of Au-Ag clusters. 
Secondly, four Au-Pd binary metallic NPs have been successfully synthesized with 
high yield in a simple aqueous system and their structures are confirmed with the aid 
of XRD, EDX, and TEM. The preparation of flower-shaped Au-Pd alloy NPs  has 
been developed based on simultaneous reduction of HAuCl4 and Na2PdCl4 mixtures 
in the presence of C. Platycladi extract and Vc at room temperature. The 
flower-shaped Au-Pd alloy NPs adsorbed with 1×10
-8
 M R6G performed excellent 
SERS enhancement compared to that of spherical Au-Pd NPs, implying the potential 
applications in optics. The Au@Pd nanoflowers (NFs)  were synthesized by the 
successive-reduction method. In a typical synthesis of Au@Pd NFs, HAuCl4 were 
reduced by Vc for 5 min at room temperature, then Na2PdCl4 was added to the 
solution and C. Platycladi extract were successively added to the mixture under 
vigorous stirring for 25 min. There are two representative methods to synthesize 
Au@Pd core-shell NPs. One is to use Au NPs as seeds for subsequent Pd growth in C. 
Platycladi extract and we can obtain Au@Pd nanocubes. When mixture of HAuCl4 
and Na2PdCl4 were kept at 90 ºC for 48 h in the presence of CTAC，Au@Pd 
nanopolyhedrons should be obtained. We could achieve nucleation and growth of Pd 
on one, three, or six faces of an Au nanocubes by simply controlling the rate of 
PdCl4
2-
 at which the precursor was introduced and reduced. As such, we obtained 
bimetallic nanocrystals with three distinctive structures under otherwise similar 
experimental conditions: hybrid dimers, eccentric nanobars, and core-shell NPs. As 
for controlling the rate of AuCl4
-
, similar results can be found and the Au atoms could 
nucleate and then grow on one or two pairs of opposite faces of a cubic Pd seed other 
than on adjacent faces. 
Finally, Au-Pd/MgO, Au@Pd/TiO2 and Au-Ag/MgO were prepared as catalysts. 















excellent performance in liquid phase benzyl alcohol oxidation with O2 as oxidant. 
Optimization of preparation parameters for catalyst and reaction conditions 
manifested that Au/Pd molar ratio of 1:1, reaction time of 6 h, reaction temperature of 
90 ºC were optimum. Under optimal conditions, benzyl alcohol conversion of 72.4%, 
benzaldehyde selectivity of 95.1% and benzaldehyde yield of 68.85% were achieved. 
the obtained Au-Pd/MgO demonstrated the best catalytic properties among Au alone, 
Pd alone and spherical Au-Pd alloy NPs. Recycling tests of the catalysts indicated 
their durability and reusability. Moreover, the Au@Pd/TiO2 catalysts were also used 
to oxidation of benzyl alcohol to benzaldehyde. The results showed that preparation 
method of SI, Au/Pd molar ratio of 1:3, reaction time of 6 h, were optimum. Under 
optimal conditions, benzyl alcohol conversion of 65.6%, benzaldehyde selectivity of 
97.2% and benzaldehyde yield of 63.8% were obtained. Au-Ag/ZrO2 alloy catalysts 
were applied in selective oxidation of 1,2-propane glycol to methylglyoxal with O2 as 
oxidant. Optimization of catalyst preparation parameters and reaction conditions 
indicated that metal loading of 2 wt%, catalyst amount of 100 mg, Au/Ag molar ratio 
of 1:4, reaction temperature of 350 ºC and space velocity of 5.0 h
-1
 were optimum. 
Under optimal conditions, 1,2-propane glycol conversion of 92.39%, methylglyoxal 
selectivity of 65.48% and methylglyoxal yield of 60.49% were harvested. 
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